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[3] T4 polynucleotide kinase, T4 DNA ligase, and DNase I were purchased from New England Biolabs (NEB). Nuclease P1 (from Penicilium citrinum) was from Sigma and was dissolved in water (1 U/µL). Benzonase was purchased from Sigma. γ-32 P-ATP was purchased from Perkin
Elmer. C 18 -Sep-Pak cartridges were obtained from Waters. Quantification of radiolabeled oligonucleotides was carried out using a Molecular Dynamics phosphorimager equipped with ImageQuant Version TL software. Salmon sperm DNA (10 mg/mL) was purchased from Invitrogen.
All experiments with NCPs were conducted in clear siliconized tubes (Bio Plas Incorporated).
Photolyses of oligonucleotides were carried out in a Rayonet photoreactor (RPR-100) equipped with 16 lamps with a maximum output at 350 nm. ESI-MS analysis was carried out on a LCQ-Deca Ion
Trap. UPLC/MS system is an Acquity UPLC H-Class/Xevo G2 QTof from Waters. MALDI-TOF MS analysis was carried out on Bruker AutoFlexIII MALDI-TOF.
Thermolysin digestion of isolated H4. The preparation of NCPs containing 2 in large scale was described previously.
[4] After incubating NCP (~ 4 nmol) containing C4-AP 89 and C4-AP 234 at 37 °C for 8 h, 1 × benzonase buffer (50 mM Tris•HCl, pH 8.8, 10 mM MgCl 2 , 20 mM NaCl) was added,
followed by the addition of 1 µL (250 units) of benzonase. The four histone proteins were separated by RP-HPLC as previously described.
[4] HPLC purified H4 (~ 1 nmol, 10 µg) and thermolysin (0.5 µg)
were mixed in a 50 µL solution containing 50 mM NH 4 HCO 3 and 1 mM CaCl 2 . The reaction mixture was incubated at 37 °C for 3 h, quenched with TFA to a final concentration of 1%. An aliquot (10 µL)
was analyzed by UPLC-MS/MS. The column used was an ACQUITY UPLC HSS T3 Column, 100Å, 1.8 µm, 2.1 mm × 100 mm (From Waters). Buffer A is water, Buffer B is MeCN, Buffer C is 1% formic acid. Gradient: 0-1-36 min, B from 5%-5%-40%, keep C at 10% constantly. Column temperature: 35 ºC, flow rate: 0.3 mL / min.
In-gel acetylation and trypsin digestion of H4. The histone H4 with modification was purified and subjected to in-gel acetylation followed by trypsin digestion as described previously. [4] After drying the digested peptides in speedvac, the residue was dissolved in 0.1% TFA (30 µL). An aliquot (10 µL) was subjected to UPLC-MS/MS analysis under the same conditions as described above.
General procedure for the oxidation reaction of NCPs containing 3. The ligation of 145 mer 601
DNA containing 3 and the reconstitution of NCPs were carried out as described previously.
[5] However, the oligonucleotides and ligated strands were different ( Figure S2 ). To the reconstituted NCP solution was added 5 mM NaIO 4 . Following incubation at 37 °C for 2 h, the samples were divided into two portions. One portion was treated with proteinase K (0.1 µg) for 5 min at room temperature and analyzed by 8% denaturing PAGE (40 × 32 × 0.04 cm). To the second portion was directly added 4 × SDS loading buffer (400 mM Tris•HCl, 400 mM DTT, 8% SDS, 40% glycerol) and analyzed by SDS PAGE (10% resolving acrylamide/bisacrylamide = 29:1, 5% stacking layer, 20 × 16 × 0.1 cm). The gel was run at 250 V until the bromophenol blue band migrated to the bottom.
General procedure for the kinetic studies. NCPs containing 5'-radiolabeled DNA duplex were mixed with 3 mM NaIO 4 without additional buffer. Na 2 SO 3 (30 mM) was added 5 min afterwards to react with excess NaIO 4 . An aliquot was withdrawn from the reaction and immediately put in -80 °C at each indicated time point. The aliquot was mixed with 4 × SDS loading buffer before being subjected to SDS PAGE analysis (10% resolving layer, acrylamide/bisacrylamide 29:1, 5% stacking layer, 20 × 16 × 0.1 cm).
LC-MS analysis for the reactions between phenyl-selenide-containing monomer (3) and
protected amino acids. Typically, monomer 3 (1 mM) was mixed with protected amino acid 6a-f (50 mM) and 10 mM sodium phosphate buffer (pH 7.2), to which NaIO 4 (5 mM) was added. If the removal of excess NaIO 4 was required, Na 2 SO 3 (50 mM) was added to the mixture 5 min after the addition of NaIO 4 . The resulting solution was incubated at 37 °C for overnight. The reaction was diluted by 5-fold prior to being subjected to UPLC-MS analysis. The column and the temperature of the column was the same as mentioned above. The separation condition is 0.1 % formic acid in water Nucleoprotein gel electrophoresis (10 × 8 × 0.15 cm, 6% acrylamide/bisacrylamide, 59:1, 0.6 × TBE buffer) was used to purify NCP with cleaved DNA. The intact NCP band was excised from the gel and the DNA was eluted overnight in 500 µL of elution buffer (0.2 M NaCl and 1 mM EDTA) containing 0.1% SDS. The gel particle was filtered using a polyprep-column (BioRad) and the filtrate was mixed with 1 µg of salmon sperm DNA followed by ethanol precipitation. The obtained samples were analyzed by 8% denaturing PAGE (40 × 32 × 0.04 cm).
Determining the protein(s) involved in cross-linking with 4. DNA duplexes containing 5'-32 P-3
were assembled in the same manner as previously described [4] except the oligonucleotides and ligated duplexes were those depicted in Figure S4 . To the NCP solution (typically 240 µL) was added 5 mM NaIO 4 . Following incubation for 4 h, the mixture was concentrated with Amicon Ultra 10K centrifugal filter to 50 µL. The resulting solution was diluted to 500 µL of 0.1% SDS in water followed by concentration again to 50 µL in the same Amicon tube. An aqueous solution of benzonase (2 U, 0.5 µL) and buffer are added to create a 100 µL solution containing 50 mM Tris!HCl pH 8.0, 2 mM MgCl 2 , 20 mM NaCl. After incubation at 37 °C for 2 h, the reaction mixture was diluted with 1 × Antarctic phosphatase buffer (50 mM bis-Tris-Propane!HCl, pH 6.0, 1 mM MgCl 2 , 0.1 mM ZnCl 2 ) to 500 µL and concentrated using Amicon Ultra 10K centrifugal filter to 50 µL. Repeat the dilutionconcentration once more in the same Amicon tube. The final volume was adjusted to 100 µL, to which was added 2 U nuclease P1. Following 4 h incubation, 900 µL of cold acetone was added and the mixture was kept at -20 °C overnight. The proteins were pelleted by centrifugation (16,000 g) and washed with 500 µL of cold acetone. After drying, the proteins were analyzed by SDS-PAGE (18% resolving layer, acrylamide/bisacrylamide 29:1, 20 × 16 × 0.1 cm, 5% stacking layer). Samples analyzed by TAU PAGE were dissolved in 8 M urea solution containing 10 mM DTT and 5% acetic acid. TAU gels (15 %, acrylamide/bisacrylamide 59:1, 8 M urea, 5 % acetic acid, 0.37 % Triton X-100) were prepared and eletrophoresed as described previously.
[6] Wild-type histone octamer were loaded as reference. Both SDS and TAU PAGE were first stained with Coomassie blue, and then subjected to phosphorimaging analysis.
Preparation of the plasmids for expression of mutated histones. The plasmids used for expression of mutated H4 were prepared by site-directed mutagenesis. The WT histone H4 (pET3a-H4-WT)
plasmid was obtained as a gift from Professor Greg Bowman (JHU Biophysics H18A variant (lane 7-8) or H4 K5, 8, 12, 16, 20R (lane 9-10) or H4 K5, 8, 12, 16, 20R/H18A (lane 11-12) with 3 89 ; lane 13: A + G sequencing on DNA duplex containing 3 205 . DNase I was added to each sample in the following amounts: 0.1 unit for lanes 7, 9, 11; 0.2 unit for lanes 5, 6, 8, 10, 12 . , 8, 12A variant (lane 12-13) or histone H4 del 1-20 (lane 14-15) with 3 89 ; DNase I was added to each sample in the following amounts: 0.1 unit for lanes 4, 6, 8, 10, 12, 14; 0.2 unit for lanes 5, 7, 9, 11, 13, 15 . 
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Intens. [a.u.] 5900 6000 6100 6200 6300 6400 6500 6600 6700 6800 m/z Figure S15 . MALDI-TOF mass spectra of modified oligonucleotides (the laser of MALDI-TOF instrument can cleave the phenyl selenide group, resulting in a peak with 156 Da less than the expected molecular weight). Figure S16 . ESI mass spectra of histone H4 K8, 12, 16, 20R and K8, 12, 16 , 20R/H18A variants. 
